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PERMEABILITIES OF COLLOIDAL
SUBSTANCES TO GASES.

By Kazuo KANATA.

Received June 19, 1928, Published August 28, 1928,

It is & well known fact that almost all amorphous substances, especially
colloidal substances, absorh various gases, but the mechanism is not yet
clear. The India rubber, for example, is permeable to various gases™. In
the present experiment it has been examined whether other colloidal
substances are also permeable for gases or not, and hence whether their
sorption is an adsorption phenomenon or not. The author wishes, also, to
discuss on the mechanism of the permeability and absorption.

Experimentals. The apparatus
a used in this experiment is shown
in Fig. 1. The membrane of the .
colloidal substance to-be examined
is placed between A and B. The
stop-cocks a and b are opened and
the air exist in the vessel and some
gases which may be sorped in the
mass of the membrane are ex-
hausted by a pump. Then the
cocks a and b are closed, and the
gas under examination is introduced
into B through the cock c¢. The
volume change of the gas is
measured with a volumeter.

The membranes used were of
rubber, celluloid and geletine, while
the gas tested were hydrogen,
oxygen, carbon dioxide, sulphur
dioxide and ammonia. For the

Fig. 1. first several hours, hefore the
stationary state is reached, the effect of absorption is very large. The
data shown in the following tables were obtained.

(1) Graham, J. Chem. Soc., 20 (1867), 235; Wroblewski, Aun. Physik, 8 (1879), 29; Hiifner,
Ann. Phys. u. Chcm., 3% (1886), 1; Edwards and Pickering, Chem. Met. Eng., 23 (1920),
17; Daynes, Proc. Roy. Soc. (London), 97 A (1920), 286; Venable and Fuwa, Ind. Eng.
Chem., 14 (1922), 139,
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TaBLE 1.
Celluloid.
Oxygen ' Hydrogen Carbon dioxide Ammonia "
———— e et - - 1 —— ——————— e e— | - - — e e,
. Volume Volume | | Volume Volume
Time | change Time change ' Time : chan%e Time change
min. | (N.T.P.) min. (NT.P.) | min. | (NT.P) | min. (N.T.P.)
i c.c. c.c. | ! c.c. --I c.C.
I _— [ —
- SR —— - | E
5 1 032 10 040 | 9 L4 8 9.46
10 ) o8 | 2 072 | 19 1.90 16 16.45
20 068 30 092 | 29 252 26 22,80
30 | 080 1 40 1.26 59 | 312 88 28,25
50 1 L2 | e IR 518 | 44 36.97
SR S I YO 1 239 | 119 564 | 65 41.37
120 | 167 | 120 3.10 r 149 6.57 90 47.62
18 197 . 180 436 | 179 743 120 57.61
21 240 240 54| 239 9.24 | 150 69.07
507 247 | 300 718 | 30 137 0 180 | 7510
3711 0 210 | 365 840 E 370 1311 | o233 | 9200
128 286 420 057 | 430 1480 | 20 10491
480 ¢ 306 345 11537 !
| , bo413 129.34 |
: | i j |
These data are depicted in Fig. 2.
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TaBLE 2.
Rubber.
Oxygen i Hydrogen 'r Carbon dioxide | Sulphur dioxide ! Ammonia i
o volﬁhié_'J ""i_\'falume [ 1Volume | [Volume | [ Volume -
Time | chan Time | change | Time | change | Time | change | Time ' change |
min. (N.T.g?) min. i(N.T.P.)IJ min. '(N.T.P.)i min. |(N.T. )| min. (N.T.R) -
0 00+ | 5| o013 | 5 058 | 13 |87 8 1083
2 | 005 | 10| o018 | 10 086 . 22 | 250 | 17 = 1946 |
50 | 017 | 20 0280 | 20 1357 32 | 33.59 28 . 27.32
110 033 | 30 0285 @ 31 176 - 42 | B.78 | 40 - 3559
240 | 078 40 0385 40 216 50 | 4340 48 . 4002
300 0.91 50 0.4 50 . 249 60 | 4736 | 58 4577 !
367 099 60 . 0472 60 280 90 | 5763 | 90  6L34
436 108 | 90 0617 90 = 3.7 120 | 6556 | 150  88.36
1372 | 295 | 120 @ 0.887 | 120 429 0 180 | 7803 | 200 & 10634
i 180 | 1219 . 180 : 5.6 210 | 8843 | 810 13750
240 | 1503 i 240 | 6633 300 97.00 ' 410 | 16543
| 300 | 1875 | 300 | 7.954 | 360 | 10597 | 530 19234
i | 423 | 1023 | 422 | 11445 -'

(The measurements on the ammonia and the sulphur dioxide have been suspended after
-the time shown in the bottom line of the table until the stationary state was reached.)

TaprLe 3.
Gelatine.
Oxygen Carbon dioxide Sulphur dioxide. i
Time : Volume change :  Time | Volume change;  Time I Volume changel_'
min. | (N.T.P.)ce. | min. (N.T.P.) c.c. min. - (NP e
5 | 006 5 | oo 0 05
10 [ 011 10 ! 0.162 20 g 1.09
21 5 0.16 : 20 | 0.235 30 | 1.35
0 1019 ; 30 0.254 0 1.62
| 40 022 | 60 0.402 30 1.90
50 _ 0.30 Po120 : 0.556 53 : 1.98
L6 036 C180 1 0.664 8 2,58
P13 | 043 ;20 0.78 17 3.68 _
i 491 ] 0.64 ! 360 : 0.79 235 1.28 ,
] | : |
1B 1 0.815 L 480 0.85 295 1.82 !
; o410 1328 3% 5.24
| i | 445 5.82

(The measurement on the ammonia was done only after the stasionary state was
reached.) ' '
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We must, therefore, continue the experiment until the volume change
becomes constant, and then determine the permeability by dividing the
volume change by the time interval. The relative permeabilities to the
various gases are shown in the following table. (in the case of rubber,
permeability to hydrogen has been taken as unity; but in other cases, oxygen
as unity.) -

TasLe 4.

_ _Mmlbmne | . : oy _Vi_so;mitg !_

| Celluloid Rubber Gelatine | coeff.of | ?qum;f root |

Gas | ; | gas at 20°C, | ©' 829 enmty!

Hydrogen 260 | 100 lessthan100| 930x10-7 141
Oxygen 1.00 ; 0.35 1.00 | 2120x10-7 5.66
Carbon dioxide | 8,76 3.17 4.13 1600 % 10-7 6.63
Sulphur dioxide — 7.0 31.90 1380 x 10-7 8.00
Ammonia 62.3 11.4 95.2 ©1080%10-7 4,12

Theoretical Considerations. As it became clear that these substances.
are permeable to gases, there is no doubt that the sorption of various colloidal
substances is not an adsorption phenomenon, that is condensation of the
gaseous molecules on the surface of the substance only. It will, then, be
discussed something about the mechanism of the absorption judging from
the present experiments. For the passability of the gas through the mem-
brane two causes can be considered, namely the passing of gas through the
pores of the substance and the dissolation.

Fass through the Pores of the Membrane. As for the porosity of the
colloidal substance many authors have discussed for long time. If we
assume the permeability is due to the porosity, we have to consider two
cases, namely, the viscosity flow and the molecular flow.

In the case of the viscosity flow, the rate of permeabilities for various
gases will be inversely proportional to the viscosities of gases, as shown in
tho following well known equation.

=ripo=p)t.
8791

where ¢ denotes the mass of the gas which pass through the unit arca of
the membrane and 7, the viscosity coefficient of the gas. The viscosity
coefficients of the gases are shown in the 5th column of Table 4.7 Thus
ammonia is more viscous than hydrogen, while the former is far more
passable through membranes than the latter. It is known, therefore, that
the viscosity flow is not the main cause of the permeability.

gz

(1) Landolt-Bornstein, “Physikalisch-chemische Tabellen ”, 5ed.
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If the radius of pores is very small and the mean free path of the
molecules is not negligible compared with the radius of pores it is the case
of the molecular flow, and the permeability is inversely proportional to the
square root of the density of gas.”’ But such a relation does not exist as
shown in Table 4.

Dissolution. As has been discussed above, it is not quite plausible to
assume that the permeability is due to the porosity. I think it is due to the
solubilities of the gases into the membranes, and this idea is supported by
many other facts. For example, the order of the solubilities of gases in
these substances are almost the same as those in other substances like
water. The gases of lower polarity is dissolved less while those of higher
dissolved much. By the aid of the Fick’s law the dissolution theory can
also explain the fact that the orders of permeabilities are inverse to those of
absorption in some cases.

From the Fick’s law,

dqg__p 4y
dt dzx

where y denotes the concentration at ., we have the following equation by
using the Fourier’s expansion,

sy w— .onT — Dn?=2t/12
27F PCSNT=Y gy BTy o= Detatil

T n=l n 1

Y=yt G-y T+
In the present experiment,
h=0 at 2=0.
By the Henry’s law we have the following condition,
y=Ap at =1

where 4 is the absorption coefficient.
We obtain, therefore,

g = .D;‘_Ip_l:t+2“:§?" Poa- e-—.wﬁzs,fzz):l

w1 D ? 7
and when ¢ is large this equation takes the form,
DAp I )
Rt o (F L
77 3D

In this equation the first term DApt/l is the quantity of the gas which
passes through the membrane after the stationary state has been reached.
From this it can be understood that the permeability is related to both the

{1) T.oeb, “Kinetic theory of gases ", p. 252
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absorption coefficient (4) and the diffusion coefficient (D). Therefore, if D
is very large or very small compared with 4, the orders of the permeabilities
are not the same as those of the absorption. The second term Apl/3
corresponds to Og in Fig. 2.

From the present experiments it cannot be judged whether the dissolu-
tion is a purely physical phenomenon or the chemical changes occur at the
same time, But, in the case of the.rubber it has been shown by Edwards
and Pickering' that the solubility of sulphur dioxide is greater than that
of ammonia. On the contrary, in the ordinary solvent, the solubility of
ammonia is greater than that of sulphur dioxide. Itis probable that there
occurs some chemical change in this case. In the case of ammonia through
celluloid, after putting the membrane in the atmosphere of ammonia for a
long time, the permeability increased as much as five times in comparison
with the data shown in Table 4—0.2056 c.c. per min. in the experiment from.
which Table 4 was obtained, while 1.110 c.c. per min. after putting it in the
atmosphere of ammonia for about four days—and the colour changed from.
white to yellow and increased transparency. Such effects also might be due-
to the chemical change. I think that it may he due to the chemical change-
in the most cases where the ammonia is dissolved much in solvent.

Summary.

1. Permeabilities of rubber, gelatine and celluloid for oxygen, hydrogen,.
carbon dioxide, sulphur dioxide, and ammonia were determined.

2. By ascertaining the permeabilities of celluloid and gelatine, it
became clear that the sorptions of these substances are not adsorption
phenomena.

3. Something about the mechanism of permeability and absorption.
was discussed and the author reached the conclusion that the permeability-
and hence the absorption is caused by the dissolution of gas in the colloidal.
substance.

In conclusion I wish to express my sincere thanks to Prof. J. Sameshima
for his kind guidance during this experiment.

Chemical Institute, Faculty of Scicnce,
Tokyo Imperial University.

(1) Loc. cit.



